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FLIGHT TESTS OF A MODEL OF A HIGH-WING TRANSPORT
VERTICAL-TAKE-OFF ATRFLANE WITH TILTING WING
AND PROPELLERS AND WITH JEI CONTROLS AT
THE REAR OF THE FUSELAGE FOR

PITCH AND YAW CONTROL

By Powell M. Lovell, Jr., and Lysle P. Parlett
BUMMARY

An investligation of the stabllity and control of a high-wing trans-
port vertical-teke-off alrplane with four englnes during constant-
altitude transitions from hovering to normel forwerd fllght was con~
ducted with a remotely controlled free-flight model. The model had four
propellers distributed along the wilng with thrust axes in the wing chord
Plane, and the wing, which was plvoted at 15 percent mean aerodynamlc
chord, could.'berota:bed.to9o° incidence so that the propeller thrust
axes were vertlcal for hovering flight. Jet-reaction conbtrols at the
rear of the fuselage provided pltch and yaw control for hovering and low-
speed flight.” The wing hed a tralling-edge flap which wes undeflected
for one series of tests and deflected 300 for anocther series.

The model experienced a nose-up change in pltch trim at low speeds
in the transition from hovering to forward flight., Because of this trim
change, the most rearward center-of-gravity location at whlch the model
could be flown was limited to 8 percent mesn aerodynamic chord rearward
of the wing pilvot point with the wing flaps deflected and 6 percent mean
aerodynamic chord rearward of the wing pivot polnt with the flaps unde-
flected. When the center of gravity was located rearward of these points,
the model experlenced a nose-up plitching divergence. The most forward
center-of-gravity location at which the model could be flown, which wes
esteblished only for the flap-deflected case, wes 12 percent mean aero-
dynamic chord forward of the wing pivot point. The lateral stabllity
and control characterlstics were generally satisfactory even though the
Dutch roll osclllation was lightly damped for certain conditions of air-
speed and fuselege attitude. The Jet controls at the rear of the fuse-
lage provided good pltch and yew control throughout the entire speed
range.
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INTRODUCTION

With the recent devélopment of turboprop engihes with high ratios
of power to weight, 1t has became possible to build transport airplanes
capable of vertical Take-off and landing. -One configuration which has
been proposed to agcomplish vertical take-off and landing while main-
taining a fuselage-level attitude is essentiglly a conventional airplane
with the wings and propellers capable of being rotated through an angle
of incldence of 90°. In order to determine the feasibility of such an
airplene from a stebllity and control stendpoint, a flying model was
used to study the flight characteristics in both hovering- and forward-
flight conditions. The results of-some hovering- and forward-flight-
tests of a low-wing configuration are presented in.references 1l and 2,
respectively. ) . . .

The model used in the investigations of references 1 and 2 wes con-
verted into & high-wing model for use in the present investigation. The
model had four propellers mounted with the thrust axes in the wing chord
pPlane. The wing was pivoted at 15 percent—mean aerodynamic chord, and
could be rotated from 0° to 90° incldence so that the propeller thr.u.st
axes were vertical for havering flight and esaentia.lly horizontal for
forward flight.

The inwvestigation consisted primarily of flight tests. The stabil-
ity and control characteristics were determined by means of visual cbser-
vation, the pilots' impressions of the flying qualities of the model,
and motion-plcture records of the flights. In addition to the flight
tests, a few force tests were made in order to provide additional infor-
matlon regarding the static longltudinael stebillity -in forward flight.

SYMBOLS

Force-test data are referred to wind axes, which in this case are
the seme as stabllity axes because the model was nbdt yawed. For sim-
plicity in. reducing the flight—records, time hlstugries of the motions .
of the model are presented with reference to horizbntal and vertical
axes which are fixed 1n space.

The definitions of the symbols used in the present peper are as -
follows: o

D dreg, 1b
L . 1ift, 1b =
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Ix moment of inertia sbout longlitudinal body axis, slug-ft2

Ty moment of inertis about spamwise body axis, slug-ft2

Iy moment of inertie sbout normal body exls, slug-ft

My rolling moment, £t-1b

My Pltching moment, referred to center of gravity of model., ft-1b
My yawing moment, f£t-1b

X,Y,7 body axes

c mean aerodynemic choxrd
cg tail chord
1y wing incidence, deg

angle of pltch of fuselage longitudinel axls relative to
horizontal, deg

8

angle of roll, deg

angle of yaw, deg
B¢ wing flep deflectlon, deg

MODEL

The model was designed to represent a possible turboprop transport
alrplane. A photograph of the model 1s presented in figure 1 and three-
view drawings are presented in figures 2 and 3. Table I lists the ge0-
metric characteristics of the model. Although the moments of inertia of
the high-wing configuration were not measured, they are probably very
close to those of the low-wing configuration glven in reference 1. The
model was powered by a 10-horsepower electric motor which turned four
2-blade propeliers with the thrust axes in the wing chord plane. The
speed of the motor was changed to vary the thrust of the model.
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The wing of the model, which was pivoted at 15 percent mean aero-
dynamic chord, could be rotated from 0° to 90° incidence during flight.
The propellers on each semispan overlapped and were of such span that-
virtually the entire wing was immersed in the slipstream. The model had
& tralling-edge wing flap; the four inboard segments were deflected down
in same of the tests to provide pitch trim and additional 1ift. Conven-
tional elevator, rudder, end allerons provided control in the normal high-
speed flight condition. The outboard segments of the wing flap were used
as the allerons. Jet-reaction controls at the rear of the fuselage pro-
vided good pltch and yaw control in hovering and low-speed forward flight.
Compressed air, at a pressure of approximately 100 pounds per square inch,
was supplied 'bo the Jet control umit, and control of pitch and yaw was
obtained by varying the amount of discharge. Roll control for hovering
and low-speed forward flight—waes provided by dirferentia.lly varying the
plteh of the outboard propellers.

The controls were deflected by flicker-type (full-on or full-off)
Pneumatic actuators which were-remotely operated by the pilots. The
control actuators (equipped with integrating-type trimmers) trimmed the
controls a small amount each time a conbtrol was applied. With actuators
of this type a model beconmes acéirately trimmed after flying a short
time in a given flight condition.

TEST SETUP AND FLIGHT-TEST TECENIQUE

Figure 4 shows the test setup for the flight tests which were made
in the Langley full-scalé tunnel. The sketch shows the pitch pilot, the
safety-cable operator, and the power operator on a balcony at the sid.e
of the test section. The roll pllot was located in an enclosure in the
lower rear part of the test section, and the yaw pilot was at the top
rear of the test section. An additional operator (not shown in fig. 4)
was located on the balcdony near the pitch pllot in order to conbrol the
wing incidence. The pitch, roll, and yaw pilots were located at the
best avallable vantage polnts for cbserving and comtrolling the partic-
ular phase of the motion with which each was concerned. Motion-picture
records were obtalned with fixed cameras mounted near the pitch and yaw
pllots. .

The power for the main propulsion motor, the wing-tilting motor,
and the electric control solentdids was supplied through wires. The air
for the Jet controls and for the control actuators was supplied through
plastlic tubes. Thedé wires and tubes were sugpenied overhead and taped
to & safety cable (1/16-inch braided aircraft-cable) from e point approx-
imately 15 feet above the model down to the model. The safety cablse,
which was attached to the model above the wing pivot point, was used to
prevent crashes in the event of & power or control failurs, or in the
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event that the pllots lost control of the model. During fllght the
ceble was kept slack so that 1t would not appreclebly influence the motions
of the model.

Pitch control in hovering and low-speed flight was obtalned by varying
the amount of discharge through the top and bottom orifices of the Jjet
at the rear of the fuselage. The Jet control could provide a maximm
pltchlng moment of ebout +11 foot-pounds. The elevator could be swiltched
into or ocut of the pitch-control circult, but it usually operated during
the entire flight; therefore, it had some effectiveness as soon as the
alrspeed began to bulld up. An elevator deflection of +25° was used for
low-speed flight and provision was made for reducing the deflection to +8°
for high-speed flight in order to prevent overcontrol. As the airspeed
increased, the elevator became progressively more effective and at a
speed of sbout 45 knots the pllot reduced the elevator deflection and
swltched out the pltch-control Jet.

Yaw control in hovering and low-speed flight was obtained by varying
the amount of dlecharge through the side orifices of the jet at the rear
of the fuselage. The Jet control could provide a maximm yewing moment
of about +6 foot-pounds. The rudder could be switched into or out of
the yaw-control circult at will, but it was seldom used because 1t was
not needed very often in forward flight, and, of course, 1t was ineffec-
tive 1in hovering and low-speed flight.

Roll control in hovering and low-speed flight was obteined by 4iffer-
entially varying the pitch of the outboard propellers +2°. At a speed
of about 25 knots the allerons with deflections of #10° were switched in,
and for the remainder of the flight both the outboard propellers and the
allerons were used for roll control. Since the pltch conbtrol to the out-
board propeéllers &ould not be switched out, this control continued to

operate throughout the entire flight.

The test technique 1s best explained by describing a typical flight.
The model hung from the safety cable and the power was lncreased until
the model was In steady hovering flight. At this point the tunnel drive
motors were turned on and the alrspeed began to increase. As the air-
speed Ilncreased, the attlitude of the fuselaege wes kept essentially hori-
zontal, the wing incidence was reduced, and the power was adjusted in
order to provide the thrust required to balence the drag of the model.
At an airspeed of about 25 knots, the roll pilot swiltched in the aillerons
for use as roll control in conjunction with the variable-pitch propellers.
At en alrspeed of sbout 45 knots, the pitch pilot reduced the elevator
deflection to -.|:8°, swltched out the pltch-control Jet, and used the ele-
vator alone for pltch comtrol for the remainder of the flight. The con-
trols and power were operated to keep the model a8 near as possible.to
the center of the test section until a particular phase of the stability
and control characteristics was to be studied. Then the pillots performed
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the maneuvers required for the particular. tests and observed the stabll-
ity end control characteristics. The flight was terminated by graduslly
teking up the sla.ck in the sa.fety cable vhile red.u;:ins the power to the
model . - .o

TESTS . =

Flight Tests . =

Flight tests were made with the wing flaps undeflected, and also-
with the four inboard segments-of the wing flaps d.eflen'ted. 500 The
flight-test results were aobtalned in the form of pilots observetions -
and oplnions of the behavior of the model, motion-;picture records of the
motlions of the mod.e:l., and time histarles Q,f the fI:Lgh'b cha.ra.c't'eristics '
mede from the motion-picture records.. . -

- ~ - - .

During the flight tests, the stebllity and control .characteristics
were studied for a rhnge of center-of-gravity locdtions: from 8 percent
mean aerodynamic. chord behind the wing plvot point to 12 percent mean '
aerodynamic chord forward of the wing pivot point. The center-of-gravity
locations are referred to.in the discusslon of the fligh'b tests in terms
of the location when the wing was in the hovering-flight position (90° inei-
dence). As the wing rotated to O° incidence, the center of gravity of the
model moved upward and rearward. The following teble shows the longlitudinal
and vertical center-of=gravity locations for hovering and normal forward
flight in percent mean aerodynamic chord with relation to the wing pivot
axis (positive values indicate that the center of ‘gravity is above or for-
ward of the wing pivot axis):

- -

Center-of-gravity location, percemt c, for -
Bp
d.e; Hovering flight Normal forward flight
Longltudinal Vertical Longitudinal Vertical

8 -9 3 .

(0] 0 -7 -5 -2

-6 -8 =11 . -3

12 -10 T -

30 0 =T -5 -2
-8 -9 13 .
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The flight tests were made at alrspeeds from O to 65 knots. If the
model 1s considered as a 1/10-scale model of an alrplane, the highest
speed reached in the tests corresponds to eabout 210 knots for the full-
scale confilguration.

S8tatic Force Tests

Static force tests were made with the four inboard segments of the
wingflapundaflectedforoneseriesoftestsanddeﬂected}fdmfor
the remaining tests. Most of the tests were run at one-half the rated
rotational speed of the model mobor, with the tunnel alrspeed adjusted
to produce zero net drag on the model for the perticuler test condition.
A few tests were run at less than one-=half the rated speed ln order to
prevent overheating the model motor. The tests were mede by piltching
the model up and down from a glven angle of piltch when the drag had been
adjusted to xzero for that angle of pitch. All forces and moments have
been scaled up to correspond to the flying weight of the model. The
pltching moments were computed for the center-of-gravity positions actu-
ally obtalned at each angle of incidence for the case in which the center
of gravity was located directly under the wing pivot point with the wing
at 90° incidence.

No tumnel wall or blockage corrections were applied to the stevic-
force-test date because of the lack of an appropriate method of deter-
mining them. It 1s expected that these corrections would be lerge,
since the model was quite large in relation to the test section of the
Langley free-flight tunnel where the force tests were made.

RESULTS AND DISCUSSION

The results of the present investigation are illustrated more graph-
ically by motion plctures of the flights of the model than is possible
in e written presentation. For this reason a motion-picture film sup-
Plement to this paper has been prepared and is avallable on loan from
the Netional Advisory Committee for Aeronautics, Washington, D. C.

An explanation of the control-record plots conteined in all the
flight records is as follows:

no 1 [1 ]
Frmmy
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The horizontal line is a reference line which hes its origin at the con-
trol trim position required for hovering flight, but not necessarily

at 00 deflection. The flicker deflection is the control deflection
applied by the pllot. Each time a flicker deflection is applied, the
control is trimmed a small amount in that direction so that if the con-
trol 1s deflected mote times in one directlion than in the other a change
in trim occurs. The trim change, which 1s indicated at the right of the
plot, was computed by adding a small increment of trim in the proper
direction each time a control .was deflected.

Since the times at which the pilots switched the variocus controls
in or out could not be determined from the comtrol lights, it is not -
possible to tell from the control records whether combination controls
or individuel comtrols were being used or whether the large or small
elevator deflection was being used. The pitch-control records are not
completely accurate because control deflections of +25° were assumed in
all cases, although at the higher speeds the elevator deflection was
reduced to +8° and, usually, the pitch-control jJet was switched off.

Longitudinal Stabllity and Control

Wing flaps undeflected.- With the wing flaps undeflected, success-
ful transition flights were made within a cemter-of-gravity range from
8 percent mean aerodynamic chord forward to 6 percént mesan aerodynamic
chord rearward of the wing pivot polnt. Figure 5 shows & time history
of a typical transition flightmede with the center of gravity located
8 percent mean aerodynamic chord forward of the wing pivot point.
Flights with this center-of-gravity location could be made consistently
and easily. No attempt wes made to determine the most forward center-
of-gravity location for which successful transition flights could be
mede. Successful flights could probably have been made, however, with
the center of gravity located more than 8 percent mean aerodynamic chord
forward of the wing pivot point. . LT -

When the center of-gravity was moved rearward to & position directly
under ‘the wing pivot point, successful transition flights could still
be made consistently but the model was slightly more difficult to con-
trol longltudinally (fig. 6). A comparison of the control-record plots
of figures 5 and 6 indicates that more control applications were necessary
during the low-speed portion of the flight made with the center of gravity
located directly under the wing pivot point. )

When the center of gravity was moved rearward stlll farther to
6 percent meen aerodynemic chord behind the wing pivot point, only about
one-half of the transition flights were successful. It was necessary
for the pilot to exercise extreme care in the manipulation of the con-
trols in order to prevent a mose-up pitching divergence. Figure T shows
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e time history of e successful transition flight mede with thls center-
of-gravity location. A comparison of the piltch-control plots of fig-
ures 5, 6, and T shows the increased difficulty in comtrolling the longl-
tudinal motions with the more rearward center-of-gravity locations in
that more control applicetions were necessery during these flights than
during the flight made with the most forward center-of-gravity location.

The farce-test data of figures 8, 9, and 10, which were computed for
the center-of-gravity positions actually cbtained at each angle of inci-
dence for the case in which the center of grevity wes located directly
undarthewingpivotpoin:bwiththewingatgo° incidence, indlicate that
the model had elmost neutral longltudinal stability at high wing incidence
angles and positive stebility at wing incidence angles below 40O, These
force-test data elso show the pronounced nose-up change in pltch trim
which occurred at high incidence angles in the transition. The force-
test data of reference 2 show that the low-wing configuration was longl-
tudinally: unstable throughout the wing-incidence range when the fuselage
was at O° angle of pitch. The data of reference 2 were cbtained with the
wing plvoted at the 30-percent mean-aerodynamlc-chord location; therefore,
those date are not directly comparable with the data of the present
investigation. Although no force tests were made with the low-wing con-
figuration for the 15-percent mean-aerodynamlic-chord wing pivot location,
the flight tests indicated that the model was more umstable with the
30-percent than wlth the l5-percent mean-aerodynami c-chord wing pilvot
location. A comparisaon of the flight-test results for the two model
configurations indicates that the high-wing configuration was more stable
than the low-wing configuration. This stebility 1s indicated by the fact
thet the high-wing configuration was much easier to fly than the low-wing
configuration within a given center-of-gravity range, and also by the
fact that the bigh-wing configuration wes flown satisfactorily with more
rearward center-of-grevity locations then the low-wing configuration.

Wing flaps deflected.- The four inboerd segments of the wing flaps
were deflected downwerd in an effort to lncrease the allowable center-
of-gravity range and, as demonstrated possible in the tests of reference 3,
to reduce the power required during the low-speed portions of the
flights. With the flaps deflected, successful transition flights were
made within a renge of center-of-grevity locations from 12 percent mean
serodynamic chord forward to 8 percent mean aerodynamic chord rearward
of the wing pivot point. Flgure 11 shows a tims history of a typlecal
transition flight made with the center of gravity located at 8 percent
mean aerodynamic chord rearward of the wing plvot point and with the
wing flaps deflected 30°. Flights with this rearward center-of-gravity
location could be made rather easily 1f the pilot exercised moderate
care during the low-speed portioms of the flights. The model hed a
tendency to nose up at low speeds but, by careful use of the controls,
the pllot was usually able to prevent a dlvergence.
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With the center of gravity moved forward to the-l2~percent mean-
aerodynamic-chord location forward of the wing pivot point, successful
transltion flights were made consistently and esslly. A time history
of a flight made with this center-of-gravity location is shown in fig-
ure 12. This wvas the most forward center-of-gravity location which
could be trimmed in hovering flight while still minta.:l.nins satisfactory
pltch conbtrol. -

The force-test date of figures 13, 1k, and 15 show that, in general,
‘the model hed almost neutral longltudinel stebillity for wing incidence
angles from TO° to about 40° and positive s'babili'by at lower incidence

angles.

Figure 16 presents a time history of a flight made with the wing
flaps deflected 30° and with the center of gravity located directly
under the wing pivot point. In this flight-an attempt wes made to dem-
onstrate a transition to high speed and back again to hovering flight,
but the model motor became overheated and it was necessary to terminate
the flight before the tunnel alrspeed dropped to zero.

Lateral Stability and Control

In general, the lateral stabllity and control characteristics were
satisfactory throughout the flight range except that, for certaln con-
ditions of airspeed and fuselage attitude, the Dutch roll oscillation
was lightly damped. The lightly damped.Dutch roll oscillation, however,
did not present any problem in controlling the model if the aillerons were
switched inbto the roll-control circult at the proper time - at about
25 knots. Reference 2 contains a detalled discussion of the Dutch roll
characteristics of the low-wing configuration. The model of the present
investigation had similar Dutch roll stability characteristics, and
glnce proper use of the roll controls - switching in the allerons at
speeds above 25 knots - eliminated the difficulty in controlling the
model, the detailed discussion 1s not repeated hereiln.

CONCLUDING REMARKS

The following remarks are based on data obtalned from constant-
altitude transition flight tests of a model of a high-wing transport
vertical-take-off airplane model with tilting wing and propellers, and
with Jet controls at the rear of the fuselage for pitch and yaw control:

1. The model experienced e nose~up change in pltch trim at low
gpeeds in the transition from hovering to forward flight. Because of
this trim change, the most rearward center-of-gravity location at which
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the model could be flown was limited to 8 percent mean aerodynamic chord
reerwvard of the wing pivot point with the wing flaps deflected 30° down
and 6 percent mean aerodynamic chord rearward of the wing plvot point
with the flaps undeflected. When the center of gravity wes rearward of
these points, the model experlenced a nose-up pltching divergence. The
most forward center-of-gravity locetlon et which the model could be

flown, which was established only for the flap-deflected case, was 12 per-
cent mesan aerodynamic chord forward of the wing pivot polint.

2. The lateral steblllity and control characteristics were generally
satlisfactory even though the Dutch roll osclllation was lightly damped
for certein conditlions of alrspeed and fuselage attitude.

3. The Jet controls at the rear of the fuselage provided good pltch
and yaw control throughout the entlre speed range.

Langley Aeroneutlical Laboratory,
Netional Advisory Committee for Aeronsutics,
Langley Field, Va., October 11, 1956.
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Moment of inertia far center of gravity directly below wing pivotb:

Ig, BIug-f42 . . . .t b b e e e s e e e ae s I T 2.58 (spprox.)
Ty, slug-Pt2 . . . . LT L i e i e e e e e e e e s e iia e sa.  3.05 (spprox.)
Ig, slug-fH . . . . ¢ . ¢ e st . e e . R 5.15 (approx.)
Fuselage Langhh, I0. « « « « = v = « o o 0 0 v e r e s e a et e e, B4.8
Propellers (two blades esch):

T T e e e Y
Bolidity (6mch Dropeller) . « o « « + o s 4 « s s s s s t o 2 o s a e s a e e a 0.079

Wing:

Pivot poinbt, percent mean asrofynamic chord . . . . . . . . L e s e s e s s s e ae . 13
Bweepbeck (lseding edge), dsg e s e e s e s s e e s e et s a e s e e 6.0
Adrfoil . s e e o s e s 8 5 3 s s s 6 s e s e e s s s s s s s e s« NACA OOLS
Aspect retio . . . .. . © « s s s s s e s s sy ¢ s o 8 8 2 n n s n e 5.
TMp chord, 0. « o « o & o & o . o C et e e e e e e e ettt e e 9.
Root chord (in plane of symmetry), in. . . . . . N | 21 ;
Teper ¥atlo . . ¢« ¢ ¢ ¢ 0 s 0 o o0 T T T T S ' S
Ares. (total to plane of symmetry), sgin. . . . .. c e e e e e s e s e s moa 988
Opan, In. . . . . . e e 0 0 s s e s e s s m s s s e s s es s s asae s e ases 76.0
Mean serodynasdc chord, In. & o ¢ ¢ & s & s » o 5 5 0 0 0 0 e s o 6 s et e s u e s e 13.0
Dihedrel engle, 88 « « v o o ¢ = o+ o v 0 o« o e e et T e e, o
Vertiocal tail:

Bweepbeck (leading edge), 488 . - « ¢ « « s « o . c s e s s s s.e s s s u e s s e 5.0
Alrfoil " s e e 8 8 s s s e s 0 8 6 0 8 8 o s s « » s s s s s a s o o o NACA 0009
Aspect ratio . . . . . . R T T T e s e u s s e S T S 1.9
Tip chord, in. . . . . e T T 7.5
Root chord (st conter 14n8), IN. « = 4 ¢ ¢ o = + s 2 ¢ o o s 2 2 2 s s s s s s s s 0« 1118
Teper retio . + & & & ¢ v o o ¢ s o 0 8 s s e e e e 0.68
Ares (total to center 1ins - exaluding darsal area), 8 M. . « + v o » « ¢ o ¢ s « « « 1691
e T © b e s e e e e e s e e sae e 1B12%
Moan serodynamic chord, In. . & o« ¢ & & o ¢ o s o o s ¢ ¢ ¢ 0 0 ¢ 0 s s e o wu s 9.k5

Rudder (hinge line perpendicular to fuselage cemtar line):

Tip chord, 2R. . & « « « « & & » T X
Root chord, In. .« « ¢ ¢ « = &« = 2 o o = « & e s e s e b e s s s s e e nien e e k.05
Horizontel teil:

Bveepback (leading odgm), ARE .+ - + = & « » o ¢ s 2 = o a ¢ o s s e s 8 o e e s e s o0 7.3
Airfoll s 4 s 8 s 8 a s @ 6 @ 85 5 5 s s = s s s v 8 8 8 a'e e s o s e s o = MAGA 0009
Aspect ratio . . . . . . . s e % s 5 s e s 8 6 s ae 8 s s s s e an e a e 2 e au s 5.8L
Tip chord, In. « o « o « ¢ s s ¢ s s s s s o s o 6 5 e s 8 s 8 s s a0 A s e e r e 3.6
Root chord (st oenber 1Ins), In. = = & ¢ + o & o = 2 ¢ 2 o o ¢ o s o 2 o s ¢ s o o o & & 8.3
Teper X&ti0 . . ¢« ¢ ¢ ¢ 2 v ¢ ¢ o s s o s 2 s s » " o 5 6 8 8 s s 8 b e s e e s a0 e 0.53
Area (total to center 1ins), 8@ In. . « « &+ « « &« & » & e s s s s s e s e a e s s e 2Hl9
Bpan, In. . . . ¢ ¢ 0 s s s e s .. * e s 8 s s s e s osea e s s s 8 4 s e s J’{g
Mesn sarodynsmic chard, In. . o « & s & « & & e s s s e s s s e s e e s 6.
mw(mmmmwmmmm):

Bip chord, 0. « o ¢ 0 0 0 8 . . .« et e e e cse et 215
Roob chord, In. .« ¢ ¢ ¢« ¢ o ¢ ¢« s s o s°¢ o s o 6 ¢ 80 v s & s e e s «n s 5.30
Bpan (each), in. . . . . N T Y
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Figure 2.- Three-view sketch of model in hovering conPiguration. All
dimensions are—in inches.
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Figure 3.- Three-view sketch of model In forward-flight configuratlion.
All dimensions are 1n Inches.
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Fgure 5.- Time history of a transition flight with center of gravity
located 8 percent mean aerodynamic chord forward of wing pilvot point.
Flaps undeflected.
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Figure 6.- Time history of a transition flight with cemter of gravity
located directly under wing plvot point. Flaps undeflected.
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Fussioge angle, 8, deg

Figure T.- Time history of a transition flight wilth center of gravity
located 6 percent mean aerodynemic chord reerward of wing pivot point.
Fleps undeflected. ]
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Figure 8.- I.ong:'l.tudinal_ characteristica of the model with zero drag &t

0° fuselage pitch angle. Flaps undeTlected.
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Figure 10.-~ Imgitud.'l.na.l characteristics -of the model with zero drag at
20° fuselage pitch angle. Flaps undeflected.
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Figure 1ll.- Time history of a transition flight with center of gravity
located 8 percent mean aerodynsmic chord rearwerd of wing pivot point.
Flaps deflected 30°.



2k NACA TN 3912

Fussioge ongie , 8, deg
9 1
!
S

Wind welotdly, lnols

Mgure 12.- Time history of a transition flight with center of gravity
located 12 percent mean aerodynamic chord forward of wing pivot point.
Fleps deflected 30°. )
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Figure 13.- Longitudinal characteristics of the model with zero drag at
0° fuselage pitch angle. Flaps deflected 30°.
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Figure 15.- Longitudinal characteristics of the model with zero drag at
20° fuselage pitch angle. Flaps deflected 30°.
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Figure 16.- Time history of an attempted trensition to high speed and back

NACA TN 3912
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to hovering flight with center of gravity directly under wing pivot

point.

Flaps deflected 30°.
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